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SYNOPSIS 


The recent appearance of low level switching and core 
driver transistors and magnetic cores has made an indigenous 
Memory System a feasible proposition. 

The necessary driving,, selection and sensing circuits 
for a 256 word memory having a cycle time of 10 microseconds 
have been designed and tested. In addition, the complete 
system design including the Timing Generator is discussed in 
some detail. 



T/iBLE OE COETE^TTS 


CHAPTER 

I. B^TRODUCTION 
II. THE MACETETIC CORE 


2.1 The lov/ Frequency Hysteresis Loop 

2.2 Mechonism of Revefsihle & Irreversible 

Switching ,,. 

2.3 Switching Speeds » 

2.4 Temperature Effects ... 

2.5 Core Testing ... ... 

III. BAESIC ICEMORY COEFIG-URATIOIS 

3 . 1 Memory ¥ir ing ... ... 

3.2 Biemory Operation ... ... 

3.3 coil form & Operation ... 

3.4 ESM Form & Operation ... 

I^^ THE BASIC BLOCK DIAORAM OF A COM SYSTEM 

4.1 The General Layout ... 

4.2 Circuit Requirements for a COM System 
Y. MEBiORY PERIPHERAL CIRCUITS 

5 . 1 The M/iR & MBR 

5.2 Sense Aimplifiers -r, . ... 

5 .,3 Current Drive Amplifiers 

5.4 The Line Selection Driver , ... 

5.5 The Decoder ... ... ■ 

5.-6 The Parity Check Circuit .... 

YI. MEBiORY TIMIHG 

6,1 Memory Timing ... ... 


PAGE 

1 

4 

7 

10 


14 

14 

24 

25 
28 
29 


34 

36 


38, 

39 

49 

54 

58 

63 


69 



CHA.pt ER PAGE 

YII. THE DETAIIEP BLOCK LIAGRM 

7.1 The A'uto/B.fannual‘&'P.ead/?>'rite 

Cijrcuitry ...• 77 

7.2 The MAR Logic Circuitry ... 79 

7.3 The MBE Logic Circuitry ... 81 

7.. 4 The Parity Check Logic Circuitry ... 83 

7.. 5 The Sense Amplifiers & Associated 

Logic Circuitry ... ... 85 

7.6 The Inhibit Drivers & Associated 

Logic Circuitry ... ... 85 


7.7 Summary of Overall Blemory Operation 88 

- 97 

DESIGH OP MMORY SBTSE AMPLIPISR 99 

DESIGN OE CURREf'^T DRIVER AMPLIFIER 106 
DESI® OF LIRE SELECTION DRWER 111 

DESIGN OF ’AND* GATE ... 114 

THE PARITY CHECK CIR.CHIT ... 116 


REFERENCES 
APPENDIX I ; 
APPH^DIX II : 
APPEEIDIX III; 
APPHTDIX IV ; 
APPEl'TDIX V : 



LOGIC SYMBOi_C 





AND 





INVERTING 

AMPLIFIER 



NGN - iNVERTlNG 

amplifier 



PULSE SET 


DC SET 
TRieOER 
DC RESET 
PUL.SE 

reset 




FLIP FLOP 


MOIslOSTABLE 

multivibrator 









1 


CHAPTER I 

JL. 

The ability to store larg's amounts of informs t lots 
and access it rapidly is one of the main factors that 
njakes digital computers pov^erful. The desirable features 
of a memory are ; 

(i) Lov/ power consumption. 

(ii) Operating speed compatible with speed of 
control and arithmetic units. 

(iii) Reliable operation. 

(iv) Compactness. 

(v) Ease of fabrication. 

(vi) Low cost. 

All these characteristics are not compatible and 
the main problems in memory design consist of arriving 
at an optimum design. 

Since its conception in the magnetic core 

memory has established itself as a very attractive memory 
device for digital computers. Among its virtues are exce- 
llent reliability, capability of high speed operation, and 
capability of large storage capacity in compact size. In 
all modern digital computers information is represented 
in the binary code. By its very nature, this code requires 
a large number of binary digits to represent a single 
number. The storage capacity of a digital computer may 
thus run into many thousands of bits and consequently 
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■the cost factor becomes important. With the improved 
methods of manufacture it is now possible to produce very 
cheap and yet extremely reliable magnetic cores. 

Announcement of the digital magnetic element followed 
that of the transistor by about eighteen months. This made 
possible the realisation of an all solid state memory system 
in which the associated circuits were compatible with the 
core storage arrayin reliability, speed, compactness, and 
power consumption. A large effort has been spent by the 
electronics industry in developing transistor devices sui- 
table for memory applications. The result has been the 
present day availability of transistors which can switch 
several hundred railliamperes of current in a fraction of a 
microsecond. In addition, extensive experience and recent 
developments in magnetic cores have made realisable memory 
systems v\/ith a cycle time approaching half a microsecond. 

The requirement for mass fabrication and high speed operation 
has led to the development of the Thin film memory. However, 
perfection for large systems has not yet been attained and 
research in this field continues. 

The fabrication of a memory ^stem using indigenous 
components has been hampered by the nonavailability of 
suitable magnetic and transistor devices. The recent 
appearance of magnetic cores and switching transistors seem 
to indicate that a completely indigenous memory system may 
be realisable. Although the magnetic cores presently 
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available leave much to he desired in terms of output and 
switching time, they do show promise for use in mewov-y 
systems v/ith a cycle time of the order of ten nitcroseconds 

The low level switching transistors currently availa- 
ble have shown exceptionally?- good qualities and logic circuits 
operating at speeds higher than 1 mc/s have been tested. In 
addition, BTP and NM core driver transistors capable of 
switching half an ampere in less than a microsecond have als-&. 
recently become available. 

The present wc-rk was undertaken to investigate the 
possibility of developing a small memory system for an 
Educational Computer us ing indigenous components. Extensive 
tests were performed on available switching transistors and 
magnetic cores to ascertain their suitability for use in 
digital systems. The tests have shovra that such systems 


are definitely feasible. 



CHAPTER II 


THE MAGNETIC CORE 

t 

Square loop properties are exhibited by riiany ferrite 
materials but the only materials in common use at the present 
time are ceramics with a cubic crystal structure and the 
general composition MEe20^ v^here M is a divalent metal or 
mixture of metals such as Magnesium and Manganese. 

The powdered ceramic is pressed into moulds of the 
required shape and sintered at around 1300*E until proper 
crystallisation has occurred. Crystal structure and unifor- 
mity of composition are import an t. factors in obtaining a 
square hysteresis loop. Toroidal cores are most commonly 
used but other shapes such as multiaperature cores and 
ferrite plates are also made for special purposes. The two 
main properties which render such ferrites suitable for high 
speed storage and switching elements is their rectangular 
hysteresis loop and high resistivity. The value of the 
latter is greater than lO^ohms/cm. which makes the eddy 
current losses negligible. 

2»1 The Low Erequency Hysteresis loop ; 

A typicsl low frequency hysteresis loop of a square 
loop ferrite toroidal core is shown in Eig. 2,1. This graph 
is a plot of the flux density B vs the magnetic field H. As 
the field H is applied, the flux through the core reaches a 
maximum beyond which increasing H will not increase B. In 
this state the core is said to be saturated. If "the field is 




now decreased to zero, the core will retain most of its flux. 
The flux density E^, at this point is called the remanence 
or retent ivity. If H is now reversed in direction the flux 
will sudden drop rapidly. The magnitude of H for which 
B = 0 is called the coercivity or coercive force The 

direction of the flux density will now change and the core 
will again hecome saturated but in a sense onposite to the 
previous saturated state. Thus the core can have two distinct 
remanent states. The process of changing H so that the core 
goes from one remanent state to the other is referred to as 
switching of the core. Magnetic matrix stores usually use a 
coincident current drive selection where the main property is 
that, while a field is sufficient to switch the core from 
one remanent state to the other, a field Hj^/2 is insufficient 
to cause any significant change of flux. Thus if and 
are the flux density levels produced by fields and Hjj/2, 
a figure of merit of the core when used in a coincidence drive 
system is the squareness ratio B^/Bj^, The maximum squareness 
ratio which usually exceeds 0,9 is achieved when a loop rather 
smaller than the saturation loop is emnloyed. 

It may be observed that when the core is in either 
one of the two stable states there is no expenditure of 
energy to maintain that state. Only when the core is taken 
from one stable state to another is energy expended. This 
observation is of great practical advantage as it implies 
that no power is needed to retain the device in a stable state 



Plux changes in the corg may be reversible or irre- 
versible. In a reversible flux change the core returns to 
its original state after the applied field is removed, A 
field v^hich is not large enough to take the state of the core 
beyond the knee of the hysteresis loop produces mainly rever- 
sible changes. Larger applied fields result in permanent 
changes of flux and the core switches. If the applied field 
is applied as a step change, the core will follow the path 
ADC, Fig. 2.1, rather than the path AC along the loop, and the 
e.m.f, generated in a wire linking the core will show two 
peaks. The first of these is due to reversible flux changes 
and the second to the irreversible ones which are much slower. 
This difference in speed arises from the difference in mecha- 
nism by which flux changes take place .within the material, 

2,2 Mechanism of Reversible and Irreversible Switching : 

The electrons in every atom of material spin on their 
own axis forming small current loops with associated magnetic 
flux vectors. In ferrite materials a group of neighbouring 
atoms v/ith net electron spin all contributing to a flux B in 
the same direction tend to act as a single entity called a 
magnetic domain* Within each domain all the electron spins 
are parallel to each other. Adjacent domains have different 
directions of spin. The region between tv\/o domains is called 

the domain v/all. Here the spin directions gradually change 

as 

R^rtir the wall is crossed from one domain to another. In un- 
magnet is ed material the domain may have a linear dimension of 
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0.1 mm.; the wall thickness is about 

i 

When an H field is applied to the material, the 
domains reorient themselves such that the net B in the 
direction of H increases. Two processes usually take place 
in this orientation. Domain V\/alls move and domains combine 
into larger ones with net B in the direction of H, This is 
called domain wall motion. Domains may also rotate to align 
themselves in the direction of H. This reorientation of 
domains may be reversible or irreversible. In the reversible 
case the domains return to the original orientation when the 
H field is removed. In the irreversible case Ihe domains 
remain in the reoriented' direction after the H field is removed 
Irreversible change takes place if the applied field exceeds 
the coercive field of the material. 

The B-H loop gives only the static characteristics of 
the core, . When a step change of H is applied so that the 
material is in the reversible region, domains reorient them- 
selves mostly by rotation. This is a rapid process and takes 
typically several nanoseconds to 0,1 microseconds. Irreversi- 
ble domain orientation takes place mostly by domain v;all 
growth. This is a relatively slow process and typical swit- 
ching times are of the order ;of a fraction of a microseond 
to several microseconds. 

Fig. 2,2 illustrates the resulting flux and voltage 
variations when a core is switched by a constant current 
source. There is an initial rise in the flux, 0^, and a 
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peak in the voltage induced associated with the initiation of 
the current from the source. As the domains become aligned, 
the flux increases with its rate of change being reflected in 
the magnitude of the induced voltage. This induced voltage 
appears as a counter e.m.f . in the primary and as an induced 
e.m.f. in the secondary. When the saturation flux, 0^^ is 
reached there is no further increase in the flux and the vol- 
tage drops to zero. Y:hien the current is turned off, the flux 
is slightly reduced to the remanent value 0^ and a correspond- 
ing spike is produced in the voltage. If the current source 
now reverses direction the core flips back to its original 
state, 

2.3 Switching Speeds ; 

Over a limited range of applied fields the switching 
time of a core and its field are related by the formula 

T ( H - Hq ) = S 

where Hq is a field approximately equal to the coercive force 
and S is the switching coefficient of the material, Pig, 2,3 
shows 1/T plotted against H. There are many ways of defining 
switching time but the most useful is the period between the 
time when the drive pulse reaches 10^5 of its maximum amplitude 
to the time when the output e,m,f, of the core has fallen to 
lOfo of its peak value. This is shown in Pig, 2.4. The defi- 
nition assumes that the rise time of the drive pulse is consi- 
derably faster than the time taken for the output to reach its 
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peak value, otherv\?ise the s?;itching time will be increased. 

CXving to the- common use of coincidence systems the 
switching times are often quoted w'ithout specifying the drive 
currents. In this case, a driving field of about 1,3 
is assumed as this is the optimum field to yield the maximum 
squareness ratio. 

The switching coefficients of available materials lie 
approximately in the range 0,7 to 0.8 microsecond oersteads, 

Hq ranges from 0,6 to 3 oersteds. Since the ratio of to 
Hq is fixed in a coincident drive system it is obvious that a 
core with a higher Hq will switch more rapidly, though it will 
require a larger drive to do so. The nature of the plot of 
coincident current switching times against coercive force is 
given in Pig, 2,3. It has been shown that the formula 
T ( H - Hq ) = S holds upto a value of applied field from 
two to five times the coercive force. Above this point S 
falls to a value of about 0.3 microsecond oersteds and even 
lov/er at higher drives. These variations in S have been 
explained by assuming that the mode of switching changes as 
the drive increases, the first fall being attributed to a 
change from the domain wall movement to domain rotation and 
the second by a clnnge over to coherent rotation of the total 
magnetisation within the torroid. However, this condition of 
a large drive does not arise in a coincident current store 
where the maximum drive is limited. 








2.4 Temperature Effects : 


For most square loop ferrites the Curie point lies 
in the region I^O^C to 300°C, As the temperature of the 
core increases "both the saturation flux Bg and the coercive 
force Hg decrease, finally reaching zero at the Curie point. 
Temperature rise may be attributed to change in ambient tem- 
perature and self heating due to switching losses in the core, 
A 10° to 20°C rise is often sufficient to impair the discri- 
mination in a large store owing to the consequent reduction 
in coercive force which increases the f lux change in cores 
subjected to half drive pulses. Any further increase might 
cause irreversible flux changes under the action of these 
pulses so that serious loss of information would result. The 
best solution to this problem is to use a thermostatically 
controlled enclosure for the matrix. However, this is no 
solution in faster coincident drive stores when the same 
address is allowed to be repeatedly selected at the maximum 
repetition rate. In this case, the temperature rise may be 
minimised by using the smallest available cores which will 
provide the most favourable ratio of volume to surface area 
and the shortest distance for the heat to travel from the 
interior of the core to its surface. The nature of variation 
of flux density v;ith temperature for a typical core is shown 
in Fig. 2.6. 

2,5 Core Testing ; 


Since 100^ reliability is required, it is necessary 
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to test eoch core "before it is used in the stack. Two types 
of testing procedure are applied to the cores. The first of 
these, a low frequency loop test, measures the parameters of 
the saturation loop. The second is used to determine their 
suitability for incorporation in a store using coincident 
current selection. 

The low frequency loop test ; 

The main requirements for this test are that the 
ratio of permeability at saturation, > to the permeability 
as B passes through zerOjyU^, be as small as possible. These 
parameters may be determined by applying to the core, a sinu- 
soidal -‘^1? 13? ent , I, of sufficient amplitude to take 
the core v^ell into saturation in both directions. Fig. 2.7 
shows the circuit used to obtain the core output which may 
then be used as follows; 

(a) is derived directly from the peak value of the core 
output evm.f. 

(b) Hq is determined by measuring I when the core output 
e.m.f. reaches its peak, 

follows from the value of the core output e.m.f. when 
I passes through zero, 

Ho rigorous determination of the parameters was done 
from this test. It was performed to obtain a rough value of 
Hq and hence determine the value of current required to switch 
the core between remanent states. 
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The pulse test : 

The low frequency loop test does not provide enough 
information about the core to make it possible to assess its 
value as a storage element in a coincident drive matrix 
store. In the pulse test, the core is tested with pulses 
titc-t . are likely to be encountered during operation in a coin- 
cident drive matrix store. 

Referring to Pig. 2.9, when core is in the upper 
remanent state, it is assumed to be storing a logical *1’ and 
when in the lower remanent state, a logical 'O’. In order 
to determine the state of the core, a full current pulse is 
applied in the negative direction. All outputs likely to 
arise in a coincident current store are given in Table I which 
refers to Pig. 2.9. 

The first half read pulse after a logical ^1’ has been 
written produces irreversible change of flux from a to b and 
hence the output from this pulse is somewhat larger in ampli- 
tude and longer than those from subsequent half pulses in the 
sam.e direction v/hich produce only reversible changes. Read 
pulses v/ill not normally be applied to a core in the lower 
remanent state d, since in a computer a read process is 
normally followed by a v/rite process in which a core experie- 
nces at least a half write pulse which would return it to 
point c. Thus the logical *0' outputs are assumed to arise 
from a core at c and not d. The first three outputs in Table 
I are due to full pulses acting on the selected core. The 








table 
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remainder arise from any other- core which receives a half 
pulse and since one problem in a store is to distinguish 
between a '1' and a '0' output in the presence of many 
disturb outputs, it is evident that and V 2 should be as 
large as possible compared with the others. 

The pulse train shown in Pig, 2.10 was used to test 
the cores. These pulses 'are - generated by the circuit whose 
block diagram is given in Pig, 2.11. Pairchild Micrologic 
Integrated circuits were used to fabricate the entire circuit. 
The configuration of the current drivers is similar to those 
discussed in Chapter V. 

Results ; 

The results of the Low frequency loop test showed 
that a current of 500 milliamperes was sufficient to switch 
the cores between remanent states. 

On the basis of these results the half read current 
was selected as 400 milliamperes for the pulse test. A 
typical set of outputs is given below ; 

Undisturbed *1* output 80 millivolts 

Disturbed '1' output 75 millivolts 

Undisturbed 'O’ output 11 millivolts 

Disturbed ’O' output 9 millivolts 

Switching time 1,6 microseconds 

'1' peaking time 


0,8 microseconds 






){AQRAM OF WAVEFORM GENERATOR 
^_-.'pUuSE . TEST'.' 
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CHAPTIE III 

BASIC MEMORY CONEIGURATIORS 


There are two major types of random access magnetic 
memory, the coincident current memory (COM) and the linear 
selection memory (ISM) . These memories are used to store 
words of information, A word is a block of binary data of . 
a given number of bits. The number of bits is determined by 
the parent data processing system. Each word is stored in a 
given address which is a spatial location in the memory. The 
address is determined by the state of an address register at 
the time of inserting the word, A set of magnetic cores con- 
stitutes each address, one core for each bit of stored v/ord. 

The typical ferrite core memory, whether COM or ISM, is 
composed of a number of memory cores arrayed in a set of para- 
llel planes forming a three dimensional matrix, surrounded by 
associated driving and sensing circuitry. The memory cores of 
the matrix are arranged in a set of nlanes in the X Y dimension, 
ealled bit planes. The cores representing a given word are 
arranged in the Z direction, one ner bit plane in the same 
relative position in each plane. Each line of cores in the X 
direction is called a row and in the Y direction, a column. 

3.1 Memory R'iring ; 

The wiring in a memory matrix provides circuits for 
core driving currents during both read and write and for sen- 
sing outputs during read, A great variety of wiring patterns 
are used; some IBM systems require just two windings per core, 
but most CCJf and IBM systems require three to six wires. The 
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wire serves as a physical support for the cores and in 
addition must be arrayed in such a way as to cancel or at 
least minimise, inductive coupling between adjacent windings. 

In some COM and ISM systems, bidirectional windings are used 
to perform the read/write function; in others, separate uni- 
directional windings are used, doubling the winding require- 
ment, but simplifying current driver design. 

In addition to the drive v/indings which pass through 
all bit planes, tv/o other windings which pass through all the 
cores in a single bit plane are reouired. One of these wind- 
ings carries pulses v/hich control the inserting of 'ONES' and 
'ZEROS' and the other carries the induced voltage output of 
the selected core. These two windings may be combined into 
a single winding since one is required during writing and the 
other during reading. However, individual windings are more 
often used to eliminate the need for short delays between 
operations and to reduce noise in the sensing operation. Thus 
the most satisfactory wiring scheme consists of four wires 
threading each core - two for X and Y read/write and one each 
for inhibit and sensing operations, as shown in Eig. 5.1. 

3,2 Memory Operation ; 

Each memory core stores a binary 'ONE' or 'ZERO', 

Any pair of remanent flux states that can be read so as to 
induce output voltages vjbich are clearly and consistently 
distinguishable from each other can be used to represent 'ONES* 
and 'ZEROS', In the design of ferrite core memories, it is 
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generally necessary to operate on one of a family of rouglily 
symmetrical hysteresis loops in which flux changes are some- 
what less than those produced hy alternate applications of 
saturating n.m.f , These loops generally exhibit a higher 
squareness ratio than the major loop and are more adaptable 
to operations requiring partial core selection» 

The- function of a full select current is to drive the 
memory core flux in the 'ZERO’ direction or in the 'ORE' 
direction. When the core is in the 'ORE' state, a current 
of the proper amplitude, duration and polarity will switch 
the core to the 'ZERO' state, inducing a voltage in the sense 
winding. 

Since ferrite cores *witch between states in a nearly 
square hysteresis loop, the effect of noise is usually small 
and the discrimination of 'ORES' and 'ZEROS' in the induced 
voltage output is good. Proper design of the sense amplifiers 
provides a consistent 'ORE' to 'ZERO' discrimination. 

Read out is destructive and the word read must be 
stored momentarily in the memory register for subsequent 
writing. A word in this register is also available as out- 
put. A new word may be substituted optionally into the memory 

register prior to the write operation. Since all the selected 

t 

cores are in the 'ZERO' state after read, the writing operation 
consists of entering ' ORES ^ in appropriate cores and leaving 
the remaining cores in the 'ZERO' state. A write pulse tends 
to write 'ORES' in all cores of that location, whereas infor- 
mation pulses designated by the memory register are applied 
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individually to each bit plane to control the write operation 
so that those cores which arc to store- a 'ZERO' do not switch 
to '(2RE', but the others do. In COM, writing is done by 
triple coincidence, and in ISM by double coincidence. Un- 
selected cores in both COM and ISM are disturfeed during write, 
but to a greater degree in COM. 

3,3 COM Eorm and Operation : 

In a coincident current memory all cores in a selected 
address are switched by the coincident action of a pair of 
currents , 

The memory cores in a typical COM are arrayed in a set 
of bit planes, each plane including one bit of all words. A 
sense .amplifier and an inhibit driver are associated with each 
bit plane. Each rov/ or column drive winding links all cores 
in one row or column of all bit planes. A sense winding and 
and inhibit vrinding each link all cores in one bit plane, the 
sense winding functioning during read and the inhibit winding 
during v;rite. The sense winding is in most cases bipolar. 

The geometry of fhe winding pattern is such that half of the 
cores in the plane are sensed in one direction and half in 
the other direction. Thus, in effect, noise output of any 
pair of distrubed cores are mutually cancelled. The cumulative 
noise effect in the bit plane is thus greatly reduced. 

When a word is to be read from or written into the 
memory, the Set of memory cores storing the word is driven by 
full road currents. When the parent system determines that a 
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word is to be read, a coded address is transmitted to the 
memory to initiate the read/v/rite cycle, ‘ One row selection 
circuit and one column selection circuit are energised to 
route the half read ^pulses into one row and one column* The 
combined full read current at the row/column intersection 
drives the cores in the 'ZERO’ direction. Sense amplifiers 
discriminate between 'ONES' and 'ZEROS' in the induced output 
in each bit plane. The read word is replaced in the memory 
by causing the appropriate rov^ and column selection elements 
to route the half write currents into tho same row and column 
lines. The combined full v/rite current drives the selected 
cores in the 'CNE' direction and the presence or absence of 
the inhibit pulse under memory register control, controls the 
writing of a 'ZERO' or 'ONE', 

A typical COM array is depicted in Eig, 3,2 
3.4 ISM Eorm and Operation ; 

The coincidence storage system places rather strin- 
gent requirements on the sauareness of the cores and on the 
drive pulses in order that information should not be partially 
erased or inserted by the half current pulses used for reading 
and writing. These problems are more or less overcome in the 
LSM organisation. 

Cores are arranged in a matrix as shown in Eig. 5.3. 
Each word location has its own read drive 'wire, so that a 
drive pulse is applied only to the cores in the selected word, 

A word is read by sending a full read pulse through the decoded 
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word line. The fact that the read line threads only the 
cores of the selected word means that there is no limit on 
the amplitude of the read pulse and "by using a larger drive 
than can he applied in a COM, a larger amplitude 'OUE' output 
is obtained. In addition a faster output is also obtained 
which leads to a shorter access time. 

After reading, all the cores in the selected word 
are left in the ’ZERO* state. Unlike the reading process, 
writing cannot be performed by applying the same full drive 
pulse in the opposite direction since some cores are required 
to store a 'ZERO’, This process is done by a coincidence 
technique. One component pulse is carried by the word line 
and the other by the digit wire which .threads cores in the 
same position in each word. The digit pulse, the presence or 
absence of which determines the information stored, may take 
the form of an inhibiting or augmenting pulse. 

In the augment system a half write pulse on the word 
line is added to a half pulse on the digit line when a ’ORE' 
is to be written, A core into which a 'ZERO' is to be written 
receives no digit pulse. Disturbing pulses are all in the 
write direction and hence can affect only a stored 'ZERO*. 

In the inhibit system a full write pulse is carried 
by the word line of the selected word. This is opposed by a 
half pulse on the digit wire when a 'ZERO’ is to be written. 

In this case the disturb pulses v/hich could cause trouble are 
the single half pulse in the v/rite direction when a 'ZERO’ is 



33 


written which might lead to a larger 'ZERO' output and the 
digit pulses in the read direction for other addresses which 
might tend to destroy a stored 'ONE', 

In both systems, therefore, a core storing a 'ZERO' 
receives one disturbing pulse in the write direction from the 
word line during the writing process but stored 'ZEROS' are 
affected by the digit pulse in the augment system and stored 
'ONES’ are affected in the inhibit system. 

All the advantages of the ISM operation are offset by 
the increased cost of the selection circuits as compared to a 
COM of the same size. In addition they are more difficult to 
design satisfactorily. The fact that ISM has not been much 
used suggests that it is not an attractive proposition for a 
large store, 

A careful comparison betv;een COM and ISM seems to 
suggest that COM is the better system. Even though ISM can 
undoubtedly achieve higher sp&ed§,the speed attainable by COM 
is fast enough for present day commercial computers where its 
relative cheapness is of more importance. 
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CHAPTM IV 

THE BASIC BLOCK DIAGRAM'. (3P A COM SYSTEM 

4.1 The general Layout ; 

The hlock diagram of Pig. 4.1 shows the general 
arrangements of . the ma;ior circuits essential for the operation 
of a typical random access coincident current store. 

The matrix stack consists of W planes each of dimen- 
sion IT X N. Each' of the X and Y drive lines is driven from 
the X and Y line selection drivers. These circuits are res- 
ponsihle for routing the read and write current pulses from 
the drive current generators into the selected X and Y lines. 
Only one line selection driver on each of the X and Y lines is 
selected by the decoders. Thus the REAI)/'‘/EITE pulses are 
routed into one X line and one Y line only. Inputs to the IT 
output decoders are obtained from the Memory Address Register, 
MAR, As the name implies., this register stores the address of 
the location from where information is to be retrieved or 
inserted. The Memory Suffer Register, TfflR,- contains the in- 
formation which is to be inserted or which has just been re- 
trieved. The outputs of the MBR are connected to a set of 
Inhibit drivers. These circuits control the storing of in:&hma- 
tion into the memory. The Central Processing Unit, CPU, com- 
municates directly with the MBR for all input and output opera- 
tions from the memory. The Timing Generator generates the 
;rartous pulses for a single memory read or write cycle on 
receipt of an initiate pulse from the Central Processor, 
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4«2 Circuit Requireme n ts for a COM System ; 

A memory matrix consisting of W planes each of size 

2 

If X N, when used in a coincident drive system, can store 11 
words each of length W bits. The word length is dependant 
on, firstly, the number of words that can be stored in the 
stack, secondly, on the number of instructions the CPU uses, 
and thirdly on the provisions for indirect addressing. In 
some memory systems where the memory is divided into sectors, 
the v.'ord length v/ill also'depend on the number of such sectors. 
In order to optimise on the number of circuits, N is chosen 
to be an integer power of 2. 

2 

For a memory storing N words, and attached to a CPU 
using P opcodes with no provision for indirect addressing, the 
word length W is given by ; W = p + n where p and n are such 
that 2 '^ = and 2 ^ = P. Thus any instruction word consists 
of the opcode of length p and the address part of length n. 
Since each X line and each Y line is associated v/ith a line 
selection driver, 2W such circuits are required. Two RFAP/ 
YIRITE current drivers are required, one for the X lines and 
one for the Y lines. The N output decoders are fed from I 
inputs such that 2^ = Id. Consequently the BiAP consists of 21 
flip flops - I for the X lines and I for the Y lines. The 
size of the IVEBR is determined by the word length. It will thps 
consist of W flip flops. This further fixes the number of 
Inhibit drivers to W, 

As an example consider a 256 v/ord memory attached to a 
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CPU utilising 16 opcodes. The memory has internal parity 
checking. 

Since = 256 , N =16 

Uumber of line selection drivers = 2N = 32 

The decoders have 16 outputs 

Humber of inputs to the decoders is such that 2^ = 16 
Therefore 1=4 

Thus the MAR requires 8 flip flops 

Length of the opcode pert of the word is such that 

2^ = P =16 

Therefore p = 4 

Length of the address part of the word is such 
that 2^ = = 256 

Therefore n =8 

One additional bit is required as the parity check bit 
The word length is therefore 4 + 8 + 1 =13 bits 
Humber of Inhibit drivers = 13, and the MBR requires 
13 flip flops. This completes the detailed requirements for 
ndi 256 word coincident current memory. 
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CHAPTEE V 

MEMORY PEEIPHERAL CIRCUITS 

She memory peripheral circuits which must he regarded 
as part of the store account for a large fraction of the total 
cost and are also the most likely source of unreliability. 
Since the possible organizations of the storage elements them- 
selves are limited, the success of the store depends mainly 
on the efficient design of the input/output circuits. These 
circuits are discussed in some detail in this chapter. 

5 . 1 The MAR and MBR : 

A register is a unit ?.'hich stores information tempora- 
rily during nrocessing. In the course of a single operation, 
several numbers may be manipulated and it is necessary to hold 
these data v;hile they are operated upon. 

Basically, a register is nothing more than a set of 
flip flops. If the flip flops are connected in series, they 
form a serial bit register. A word is inserted into such a 
register at one end, one bit at a time. In a parallel bit 
register each flip flop has independent input lines. Infor- 
mation is entered into and retrieved from such a register a 
vt/ord at a tim.e. This results in much faster operation, but 
requires more circuitry. 

In the 256 word memory the liEAR is an eight bit para- 
llel register. It stores the address of the nemo ry location 
from where information is to be retrieved or into which infor- 
mation is to be inserted. The .IIBR is a thirteen bit parallel 
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register. At the end of a read operation it contains the word 
located at the address specified by the MAR, At the beginn- 
ing of a write operation the MBR contains the word that is to 
be w'ritten into the location whose address is contained in 
the I/[AR. 

The flip flops are of the conventional set-reset type 
and consequently further details regarding their design will 
not be discussed, 

5,2 Sense Amplifiers ; 

The sense amplifiers for a randomaccess core memory 
reqiiire the main design emphasis. When data is taken from a 
coincident current ferrite core memory, it comes out as elec-; ’ 
trical pulses on a group of wires. One such wire is required 
for each bit in the word. Thus, in a parallel access matrix 
store, the number of output am.plifiers is determined by the 
word length since one amplifier is needed for each digit 
pos it ion. 

The sense winding links all cores storing the same 
significant bit of every address. Information signals result 
from flux excursions of the memory cores from to + 0 ^, 

caused by application nf read currents. Ordinarily the presence 
of a pulse indicates a ‘ONE' bit and the absence of a pulse at 
the proper time indicates a 'ZERO' bit. The sense amplifier 
accepts these pulses, rejects noise pulses, shapes the signal, 
amplifies it, and drives logic circuits through which data is 
transferred to the computers central processing unit. 



The design of the sense amplifiers is farther compli- 


cated hy the fact that noise voltages exist on the sense 
v/inding at times other than read time. The two types of noise 
that appear on the sense winding are common mode noise and 
differential noise. 

Common mode noise is the noise voltage that occurs 
with the same polarity at hoth ends of the sense wire. It is 
caused hy the inductive coupling from tho relatively large 
currents that write information into the m.emory cores, across 
the closely spaced ¥/ires on which the cores are strung. 
Differential noise arises from fully selected cores that do 
not switch because they are already in the ’ZERO' state and 
from half selected cores. By winding the sense wire in a can- 
celling manner this differential noise can be minim.ised.. This 
introduces a further complication in the design since the ampli- 
fier must no\w be able to amplify bipolar signals to produce 
unipolar amplified signals on the output. 

A sense amplifier must reject differential signals 
below a fixed threshold valu.e. Thus it must incorporate some 
form of threshold circuit. The. threshold levol may be made 
variable for optimum signal to noise discrimination. The 
amplifer must be able to reject comm.on mode noise several 
volts in amplitude, yet be sensitive enough to detect small 
differential voltages of either polarity. Therefore the input 
stage normally consists of a differential stage fed by a current 
source. Determination of whether the voltage read from the 
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memory represents a 'ZERO' or 'ONE' is accomplished by the 
decision element in the sensing system. To assure- an optimum 
signal to noise ratio in the signal applied to the decision 
element', a strobe is employed. This also serves to disable 
the amplifier and make it insensitive to noise voltages at all 
times except read time. 

Amplifier Requii-ements : 

The most important amplifier requirements are consi- 
dered to be, input impedance, common mode rejection, frequency 
response, gain and gain stability, dynamic range, bipolar 
amplification and rectification, and D.C. restoration and dis- 
crimination. Each of these requirements will now be briefly 
considered . 

Input Impedance : 

The amplifier input impedance is influenced by four 
factors; core loading effects, signal waveshape, sensing system 
frequency response, and characteristic impedance of the sense 
winding. Reduction of amplifier input impedance results in 
loading of the memory cores vhich is undesirable insofar as it 
represents a loss of drive m.m.f, and affects the tolerance of 
the drive currents. The input impedance should be high enough 
so that the L/R time constant of the input circuit does not 
restrict the overall frequency response of the sensing system. 
Eurthermore the input impedance should not deviate from the 
characteristic 'impedance of the sense line so much that ref- 
lections and distortion results. Thus the sense line must be 
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terminated in such a way that the open circuit waveform for 
a ’ONE' output is preserved. 

Common Mode Re;iection : 

Common mode signals on the sense line can huild up to 
several volts in amplitude. The input circuit of the ampli- 
fier must he designed to reject such signals. With this in 
view, a differential stage fed from a current source is used 
as the input stage. The rejection ratio is defined as ; 

Maximum unidirectional signal 

Rejection ratio = 

Minimum bidirectional signal 

This ratio should be as large as possible. 

Frequency Response ; 

Required frequency response of t he amplifier m.ay be 
determined from a consideration of allowed signal delay and 
distortion in the amplifier. The amplifitr delays, attenuates, 
and spreads the input waveform, the extent of which is a 
function of the amplifier upper frequency response. Since 
the amplified core signal is examined only when the signal 
to noise ratio is maximum, any amplifer delay v;ill manifest 
itself in the overall memory cycle. 

Aranlifiers exhibit different frequency responses 
depending on the spread of characteristics of the transistors. 
Since the amplifier delay affects the time at which the strobe 
occurs, the delay must be small in comparison to the strobe 
width to prevent variations in signal delay in various sense- 
amplifiers from significantly shifting the centre of the strobe 
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pulse and the output signal peak. If the variation in ampli- 
fier delay is large, the effectiveness of the strobe is negated, 
i'ig, 5.1 illustrates the effects of variations in large signal 
d e lay , 

The difference in frequency between noise voltages on 
the sense line and the desired signal can sometimes be utilised 
to enhance signal to noise ratio, by designing the amplifier 
to have a sharp roll off at high frenuencies. However, in fast 
switching cores the frequency difference is not large onou^ 
for this scheme to be practicable. A bandv^idth of 1 to 2 mc/s 
is found to bo quite adequate. 

Gain and Gain Stability : 

The amplifer input signal may be characterised by an 
amplitude V with a possible fluctuation of V ( 1 + n ). 

Noise may be characterised by its maximum value V^min is 
defined as the minimum amplitude of the signal during the strobe 
interval. Thus the minimum voltage which allows a stored 
’ONE’ to be differentiated from a stored ’ZERO' is : 

Y^ = Y^min - Y^max 
= Yg ( 1 - m ) - Y^max 

Y^ is a function of the core, sense line characteristics and 
amplifier input impedance. Since from the sense winding 
is very small, the signal must be amplified by an amount G 
(amplifier gain ) so that an ordinary non linear element can 
distinguish betv/een noise and signal.. Although the signal to 
noise ratio out of the amplifier is the same as that into the 



44 



JilorNiA.i— ON 
i-ENSE *-IN£ 

AWPLiFlEDOarPJT 


AuPulFlED OurPUT 
Ffi 'M AMP. # - 



OTRDttE 



STPOBED OUTPUT 
f CO.vi AMP f t 


UTPOBED OUTPUT 
FfcCiH AMR# A 

i - 

j 


EFFECT OF AMPi-iFiEft CEuA.Y ..TN' ;3TRO&iN& 



F t .3 3 ■ i 



45 


amplifier, the difference between minitnum signal and maximum 
noise -is amplified from to If the discrimination 

circuit is to operate reliably, G should be large and constant 
for all the sense amplifiers. 

Dynamic Ranp-e ; 

The amplifier may be driven by noise voltages much 
larger than the norm.al 'ODE' voltage before the desired read 
signal is applied. It must recover rapidly from this over- 
drive to adequately amplify the read signal and may be designed 
to accept worst case noise signals. For a small memory this 
may be feasible. However, for large memories, where this noise 
voltage may become several volts in amplitude, such a design 
may be impractical. Possible solutions to this problem would 
be to divide the sense winding into small groups or to divide 
the linear amplifier into two, and insert a limiter. 

D.C, Restoration ; 

Continual changing of information stored in the cores 
with the same sense winding polarity results in an undesirable 
D.C. component in the input signal to the sensing system. This 
component shifts the quiescent output voltage of the sense 
amnlifier and voids the threshold adiustment. This D.C, level 
shift must be eliminated before the signal is applied to the 
discrimination system. The problem is serious only in large 
memory systems. In a small system;, the D.C, shift will not be 
sufficient enough to warrant any special precautions in the 
design of the sensing system. 



Bipolar Amplification and Rectification ; 

If the sense winding" is wound in a cancelling manner 

signals to be amplified will be bipolar. Since it is incon- 
venient to design a decision element to operate on bipolar 
signals, some form of rectification should be introduced before 
the signal is applied to the decision element. Bipolar ampli- 
fication increases the dynamic range requirements of the linear 
amplifier hy a factor of two.. In large memory systems if the 
bipolar signals are rectified before being restored, signal 
distortion is likely to occur. This is due to the fact that 
rectified positive signals are attenuated and the rectified 
negative signals are enhanced by the D.C. base line shift. 

This is not likely to cause any difficulty in a small system 
where the D.C, base line shift is sm.all. 

Description of the Circuit ; 

The circuit diagram of the sense amplifier which 
satisfies most of the important requirements is shown in 
Pig, 5.2. 

Transistors and Q 2 form a difference pair. The 
emitters are fed from a constant current source comprising the 
+6 volt supply and resistances and R^. Capacitor effec- 
tively ties the emitters together for A.C. signals. The bases 
of and Q 2 are connected to ground through two 150 ohm resis- 
tances which form the terminations for the sense wire. The 
first stage of the amplifier is directly coupled to the second 
stage comprising and Q^. In this stage, the bipolar signals 
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are rectified to produce a unipolar sip-nal at the comon 
collectors Potentiometer RV1 adjusts the threshold level. 

The output of this stage is fed to the emitter of Q^. It is 
in this stage that the strobing is done, the strobe pulse 
being fed through capacitor Cg to the base of Q^. 

IToen the amplifier is quiescent, the collectors of 
and Qg are biased at approximately - 3 volts. Potentiometer 
RV1 is adjusted such that the voltage at the common emitters- 
of and Q^. is large enough to reverse bias them. The 
voltage at the common collectors will thus be -6 volts. This 
is directly coupled to the emitter of Q^, The resistances Rg 
and R^q are chosen such that the base of is held at -2 volts. 
Thus is reverse biased and. its collector potential is -9 
volts. 

A differential signal applied to the bases of Q-| and Q 2 
causes the collector potential of one of . the transistors to go 
more negative and that of the dther transistor to go more posi- 
tive. If the negative going signal is large enough to overcome 
the reverse bias set by RV1 , one of the transistors or 
will conduct and the common collector potential will rise to 
approximately - 3 volts. In the absence of a strobe pulse, 
will still be reverse biased and no output will be produced. 

A negative strobe pulse causes diode to cutoff and becomes 
forward biased. The collector potential swings from -9 volts 
to the emitter potential of approximately -3 volts. 

The detailed design of the sense amplifier is given in 


Appendix I. 
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5,3 Current Drive Anplifiors ; 

The current drive amplifiers supply the current 
pulses to the storage array. Half drive pulses for coinci-'- 
dence S3^stems range from about 200 na to 600 aa, depending on 
the type of core. The current drive amplifier is essentially 
a switch which switches the required current into the selected 
line. Ideally, this switch should be capable of switching 
rapidly and efficiently. Because of the low saturation 
impedance in transistors, it is possible to pass relatively 
large currents with low power dissipation in the traisistor. 
Since current gain and speed are also desirable, the transistor 
should not be operated too far into saturation. A rise time 
of less than about a quarter of the switching time of the core 
is required. The ideal operating point would be at the knee 
of the grounded base - collector characteristic. This would 
assure low storage and low dissipation but would still pro- 
vide full current gain. 

One factor which must be given prime consideration in 
the design of the current drive amplifiers is the back e,m,f. 
generated by the stack. The magnitude of the back e.n.f. 
arising from the stack depends on the number of half selected 
cores, the pulse rise time and the inductance and resistance 
of the wire threading the core 

The back e.m.f, is given by t 


V 


b 


L 


dir 

dt 


+ EI^ + W-V/ ) r 



^Tiore : 


= Read current 


^r 

R = Resistance per unit length of drive v/ire 
L = Inductance per unit length of drive wire 
W = Word length 
N ='I'Tum'ber of v;ords 
rY^^ = Half read disturb ’1' output 
uV^ = Pull read undisturbed '1' output 
This back voltage is of particular i'nportance in 
transistor drive circuits where maxi^iua pernissable inverse 
voltage and power dissipation v;ill set a linit to the size of 
stack that can be driven. Pig. 5.3 illustrates the effect of 
back e.m.f. on the driving current waveforn. During the 
switching of the cores, the drive current dips. At the conclu- 
sion of the svvfitching, the current returns to its limiting 
value. The cores are left in a state of saturation determined 
by the limiting value of the current. Thus during the appli- 
cation of the pulse the itnpedanceof the stack varies consi- 
derably. In order to avoid some of the problems which arise 
from the changing load it is sometimes necessary to insert 
terminating impedances which match the impedance of the drive 
wires. The drive wires are delay lines and have a characteri- 
stic impedance approximated by /ITc, w’here L and C represent 
inductance and capacitance per unit length. The value of 
this characteristic impedance lies between 100 and 250 ohms 
depending on the type of core and wiring configuration. Pro- 
vided that the wires are correctly terminated, the inverse 
e*j 3 ^,will be of the same form as the drive current pulse so 




that the voltage drop across the line end the terninating 

resistor will he constant during most of the pulse. This 

» 

enables drive circuits to be designed more easily and allows 
a voltage drive to be employed if desired. 

Since a large amount of current, about 500 ma, is 
needed, the output transistor of the current driver amplifier 
would normally be operated in the grounded emitter configura- 
tion resulting in a current gain of about 30,. However, the 
grounded emitter configuration, because gain is present, 
reduces the frequency response of the unit. The other alter- 
native is to operate the output stage as a grounded base 
circuit* This has the advantage that it has a much better 
frequency response and would thus give a much better rise 
time. In addition, the grounded base circuit by virtue of its* 
high output impedance, approximates a good current source 
thereby having the ability to withstand large back voltages. 
The main disadvantage is that no current gain exists. In 
effect then, the grounded base stage is used as an isolation 
stage having unit current gain. 

In view of the small memory size and consequent snail 
back e.m.f. that would be encountered, a grounded emitter 
output stage was decided on. The complete circuit is shown 
in Pig. 5*4., The same circuit could be used for larger 
systems by merely incorporating a grounded base stage between 
the output stage and fHe drive lines and no additional modi- 
fication to this circuit is required. 
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Description of t he Circuit ; 


The current driver anplifier consists essentially of 
two parts - the positive current driver and the negative 
current driver. The operation of these two parts is exactly 
the same. Consider the positive current driver. In the 
quiescent condition, is conducting and its collector vol- 
tage is low enough to reverse bias the, base emitter diode of 
0 , 2 * Consequently, Q2 is cutoff and its co"! lector voltage 
is essentially equal to the supply voltage. This In turn 
reverse biases the base emitter diode of the driver transistor 
Q^, which is also held at cutoff. A negative pulse applied to 
the base of cuts off this transistor. Its collector 
voltage rises to the sup^^ly voltage thereby forward biasing • 
the base emitter diode of Q2. The collector voltage of Q2 
drops to the emitter voltage and whose base emitter diode 
is now also forward biased, conducts heavily. Sufficient base 
drive is supplied to to saturate it. Under these conditions, 
the colle ctor current of is limited only by the supply 
voltage and the resistances and R^. Thus by varying 
the current can be set to the desired value - in this case 
400 ma. 

The operation of the negative current driver comprising 
Q^, and Qg is exactly the same. The detailed design of the 
current driver amplifier is discussed in Appendix II. 

5 .4 The Line Selection Driver : 

The simplest arrangement for driving the X and Y lines 
of a coincident drive store consists of a pair of transistors 



on each line. These two transistors are required to supply 
the positive and negative drive pulses. For a large store 
this becomes very uneconomical. An economy in hardware can be 
achieved by deriving the drive pulses from a common drive- 
circuit and routing them into the required X and Y lines through 
a pair of bidirectional gates. The selection of one gate on 
each of the X and Y lines is done by the decoder. 

The main problem associated with the design of this 
gate is that the decoder output, which is a voltage level of 
one polarity, must be able to select a gate which can pass 
current pulses of both polarity. In addition, when the gate 
is not selected, both current pulses must be completely blocked. 
The simplest arrangement would be to use a bidirectional tran 
sistlii>r or a transformer with two output coils suitably would . 
These two schemes are shown in Figs. 5.‘^a and 5.5.b, Hov^ever , 
the unavailability of these components precludes their use. 

The circuit of Fig, 5,6 shov/s a bidirectional gate in which 
diodes D 2 , and in conjunction with effectively 
simulate a symmetrical transistor. 

Description of the Circuit ; 

Transistors and Q 2 supply the necessary base current 

to to turn it on. The decoder output is directly coupled 

to the base of , In the quiescent condition, is cutoff 

and its collector is held at the siipply potential. This reverse 

biases which in turn holds Q in cutoff. The reverse hias 

3 

on is largo enough so that a potential of +6 volts appearing 
on the emitter is not large enough to make it conduct. Diode 
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is chosen to have a very small reverse leakag'e current as 
compared to the base emitter diode of Q^. This is necessary 
since the reverse brcakdov>'n of the base emitter diode of is 
+5 volts . 

When is turned on, sufficient base current is ■ 
supnlied so that a negative current can be routed through 
diodes D2 and and a positive current through diodes D>|<S: 

into the 10 ohms terminating resistance. 

The complete design of circuit is given in Append ix III. 
3.5 The Decoder ; 

The decoder is required to decode the contents of the 
Memory Address Register and select the appropriate X and Y 
drive lines. Each output from the decoder is a different 
minterm and may be fed directly to a load. 

A number of possible schemes exist,. Consider first the 
development of all minterms in a 1-level form. This develop- 
ment requires *n' diodes for AJIDing the *n' variables in a 
given minterm. Since there are 2^ different minterms, the 
total number of. required diodes is 

H, = n2« 

The corresponding array is called a ’rectangular matrix’ , An 
example of a four variable matrix is shown in Pig.. 5.7. 

If a matrix is not limited to a single stage for each 
output, the iterative subfunctions among a complete set of 
minterms con be exploited, Por example, a 'b’ is required for 
both a -b' c’ and a b’c in a three variable set. 


Thus , a 
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matrix may be formed by first generating all combinations of 
two variables in the fashion of a rectangular matrix. Then, 
in a second stage, tbe first set of combinations are combined 
exhaustively vjitb a third variable. In a' third stage, these 
combinations are combined exhaustly with a fourth variable and 
so on until finally at stage n~1 , all variables have been used 
and all minterms have been generated. Such a matrix is called 
a 'pyramid*, a four variable example of which is illustrated 
in Pig, 5.8, The total number of diodes required for this 
matrix is 

= 2^+2 - 8 

The pyramidal matrix does not fully expldit the itera- 
tions among the minterms. Por example, in a four variable set 
of minterms it is more economical to form all a, b combinations, 
then separately form all c, d combinations, and then combine 
these subcombinations. A matrix of this type is called a 
'sectional matrix ' and a four variable form is shovra in Pig. 
5.9. The number of diodes is given by : 

m 

= 81^2 + 241F3 + 2 ( 2 ^^b ^ ^ 

b=1 

Where N2 = Number of two variable sets 

= Number of three variable sets 
N-d = Number of ou touts from intermediate bank numberb, 
m = Number of intermediate banks 
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Por each of the matrices, tho number of diodes 
reouired is 

1. Rectangular matrix 64 diodes 

2. Pyramidal matrix 56 diodes 

3. Sectional matrix 48 diodes 

Tlius , as expected, the Sectional matrix requires the least 
number of diodes. However, the difference is not great. 

The Rectangular matrix v/as chosen for two main reasons. 
Firstly, since it requires only a single level of gating, its 
speed of operation is faster. Secondly, for a small number 
of variables the Rectangular matrix proves to be cheaper. This 
results from the fact that since the Pyramidal and Sectional 
matrices have more than one level of gating, higher voltage 
supplies are required at each successive level to maintain a 
good rise time. The cost of extra diodes in the Rectangular 
matrix is more than comnensated for by the cost of additional 
power supnlies in the Pyramidal and Sectional matrices. 

The basic circuit for the Rectangular matrix is the 
fou? input AED gate shown in Pig. 5.10. The design of this 
circuit is given in Appendix IV, 

5.6- The Parity Check Circuit ; 

The parity check circuit is incorporated as part of 
the main memory system, to ensure reliable operation. The fun- 
ction of the circuit is to detect the loss of c. single bit 
during the transmission of a word from the memory stack to the 
MR, The loss of an even number of bits will however, not 


uroduce a parity error. 
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The circuit is required to operate both during the 
RhAD /restore and C E, EA.R/WITE nodes of operation. In the 
CLEAR/>,R.ITE node the number of logic M’ bits in the word to 
be stored are checked. If the number of bits is odd, an 
extra bit must be added in the anropriate bit position in the 
MBR. If however, the number of bits is even, no action is 
taken. Therefore, any word stored in the memory must have an 
even number of logic '1' bits. 

In the REAE:/REST0RE mode, the parity check circuit 
operates after the required word has been read from core 
storage and is stored in the EffiR. During transmission, if an 
odd number of bits are lost, the MBR will contain a vford with 
an odd number of logic *1' bits. This error is detected by 
the parity check circuit which sets the parity check flip flop. 
The CPU interrogates this flip flop during every memory cycle 
to check for parity errors , 

The basic module of the parity check circuit is the 
'exclusive OR' gate. These are connected to the MBR as shovm 
in Eig. 5.11. Yfhen an odd number of flip flops in the MBR are 
set the output line is energised. 

The transmission function for tie 'exclu.sive OR' gate 

is I 

T = AB + AB 

A direct hardware realisation of this would require two AKD 
gates and one OR gate. Such a direct realisation has two main 
disadvantages. Eirstly, since there are no active elements, 
the output will not be well defined. Secondly, the circuit 
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action would be slow due to the multi level gating. In 
order to obtain a good rise time, successively higher voltage 
v.ou Id ho required at each lavel of gating, A transistor cir~ 
cult which perfoOTS the ‘identity’ function and can be used 
for parity checking is shown in Fig. ^^,12, 

P/... ^ C ircuit ; : ^ 

The input terminals A and B of the circuit of Fig, 5. 12 
are ^connected to the output terminals of two flip flops of the 
MBH, '.'/hen the two flip flops are both either set or reset, 
the baa© Id emitter drop of and Q2 will be approximately 

zero. Consequently, both transistors will be cut off and the 
output point C will be held at -6 volts. On the other,"ha»d, 
if one of the flip flops is flet and the other reset,/''pae hf; ,1 
the translators conducts and the output falls to approximate!^.,- ' 
ground potential. The truth table for this circuit can now. -bp ^ 

oonstructe^l ' '--f-'- v-;;!. 


two 


The circuit can be realised conveniently .^by modifying 

input mXiWCB gate. This is discussed; b# 

■ . ■ •> '' ' • 
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CHAPTFR VI 
mmORY TIMBTG 

e> i Timing 

The memory system has tv>?o modes of operation ; READ/ 
RFSTORE, In which the information stored in a given address 
is read and then restored in the same location; and CXiEAR/I'RITE 
in which information in an address location is erased hy a 
read operation and nev\/ information is written in that location. 

On receipt of a REAh/RESTORE or CLEAR/¥JRITE command 

♦ 

and an initiate command, the timing generator automatically 
generates the required accuretely timed pulses for a single 
memory cycle. For both modes of operation the same pulse 
pattern is generated. The Motaory Control circuitry routes 
the pulses to various points depending on the mode of operation. 
The switching time of the cores in the storage array determines 
to a large extent the length of the memory timing signals and 
the duration of the reading and writing signals. Pig. 6.1 
shows the various pulses generated by the timing generator in 
their proper time seauence. The seven command pulses are ; 

(i) Clear MBR and parity check flip flop - 

(ii) X, Y Read - R^ 

(iii) Data Strobe - 

(iv) Check Parity - P^ 

(v) X, y Write - 

(vi) Inhibit Control - 1^, 

(vii) Op Complete - 0™ 







Command pulse resets the MBR thus clearing informa- 
tion that had "been entered into it as a result of a previous 
cycle. This pulse is routed to the reset terminal of the MBR 
only during a REAR /RESTORE cycle, since information which is 
to be stored into the memory during a CLEAR/'VIR.ITE cycle is 
stored in the IfflR, In addition, the command pulse is 
applied to the reset terminal of the parity check flip flop. 
This is necessary to ensure that the CPU does not halt as a 
result of a parity error in a previous cycle. The parity check 
flip flop is interrogated by the CPU during every memory cycle 
to check for parity errors. 

Command pulse Py is the X, Y REAR commend, which trig- 
gers the read current drivers,- The width of this pulse is 
dependent on the switching time of the cores, which in this 
case is 3 microseconds. The read current is routed to the 
proper group of cores in the core matrix through the line sele- 
ction drivers which are selected by the decoders. When the 
ferrite cores are switchjafd, the generated voltage is applied 
to the sense amplifiers. Ruring the X, Y Read command, a 
command pulse 3,^ of duration 1 microsecond, is generated to 
gate the data from the core matrix to the MBR. This command 
pulse is preceeded by a pulse whose width can be manually 
varied. The width is adjusted so that is generated at the 
time of maximum signal to noise ratio. Ruring a CLEAR/WRITE 
cycle, is blocked from the input to the sense amplifiers, 
since, during this mode of operation, the X, Y Read pulse is 
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used -to clear the location into which new information is to 
be written. At the termination of the X, Y Read pulse a 1 
microsecond wide parity check pulse, is generated. This 
pulse performs different functions during the RFAD/rfSTORE 
and CLEArApiite modes of operation. In the REiffi/feESTORE mode, 

Pj is gated with the output of the parity check circuit to 
the set terminal of the parity check flip flop. The occurrence 
of a parity error causes P^ to set this flip flop and the CPU 
terminates further processing. In the CLEArAyrITE mode of 
operation, P^ is gated with the output of the parity eheck 
circuit to the appropriate flip flop of the IIBR which stores 
the parity bit. The word to be written into the memory is 
initially stored in the MBR, Its parity is checked by t he 
parity circuit. If the required parity is not satisfied, P^ 
sets the flip flop in the f/BR. 

After data from the core matrix has settled in Ihe MBR, 
command pulses 1^ and are generated simultaneously. The 
command pulse is the X, Y ?/rite command which triggers the 
X, Y write current drivers. The write current pulse of 3 micro- 
seconds duration is routed to the same group of cores from 
which information was read. This pulse is of sufficient magni- 
tude to sv/itch the proper group of cores back to the logic '1' 
state. To store information other than a logical '1' in the 
core matrix, the Inhibit control pulse 1,^, thiggers the Inhibit 
current drivers, which, in association with the data present 
in the MBR generate a current sufficient in magnitude to oppose 
the sw^itching of the selected group of cores. That is to s&j , 
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when a logical 'O’ is to be s-tored in a particular location; 
the associated Inhibit driver is turned on, nentrialis ing the 
effect of the switching pulse on the core. The Inhibit con- 
trol pulse overlaps the write current pulse on both the 
leading and trailing edges to prevent false switching of the 
cores. This completes the memory cycle and the last command 
pulse, 0,j , is generated as the Operation complete signal. 

This pulse is routed directly to the control circuitry in the 
CPU. 

6,2 The Command Pulse G-enerator ; 

The complete block diagram of the command pulse genera- 
tor is given in Pig. 6.2, It consists essentially of a series 
of monostable multivibrators. The output of each monostable 
is connected to the input of the succeeding monostable. This 
effectively forms a delay line from which tappings can be 
taken at the appropriate points to obtain the desired command 
pulses at the specified time intervals. The first monostable 
is triggered by the lockout flip flop, PP1 , This flip flop 
is set hy an initiate pulse from the CPU or a pulse from mono- 
stable SSI 3, by depressing the manual start button', The two 
AUD gates are fed at one input from the coran lementary outputs 
of the AUTO/MAIIUAL flip flop. This prevents interference 
between the MANUAL and AUTOMATIC modes of operation of the 
memory. An initiate pulse either from the CPU or manually, 
causes the lockout flip flop to set, A second initiate pulse 
occur ing before the completion of one memory cycle v/ill thus 
have no effect. The output of this flip flop triggers SS2, 
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whose output is the command pulse Mij. The termination of 
this pulse causes SS3 and SS6 to trigger. The trailing edge 
of the pulse from SS2 sets l'P5. SS6 provides the variable 
delay to trigger SS7 which generates the comcand pulse * 

The output of SS4- is the command pulse The trailing 

edge of the output from SS'5 resets PP5 and sets PF11 , PP5 
generates the command pulse R^. Similarly the command pulse 
is generated by PP12. The output of SS10 is the command 
pulse 0^. The trailing edve of the output from SS9 resets 
PF11 which generates the command pulse 1,^, The output from 
SS10 resets the lockout flip flop ijj preparation for the next 
memory cycle. Since the switch on state of the lockout flip 
floR is not known, a manual reset line is ’provided. This line 
must be activated immediately afterswitch on, before the 
memory is operated in the automatic mode. 

Pig. 6.3 shows how the command pulses are derived 
from the timing generator waveforms. 
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CHAPTEB, YII 

THE DETAIIE3D BLOCK DIAGRAM 

7,1 AUTO/l/L/^i-NUAli and RSAPAffilTS Circuitry ; 

The full cycle of the memory has two nodes of opera- 
tion ; READ/RESTORE and ClEAR/WRITE, It may he operated in 
either of these modes in automatic status or manual status. 

In the automatic status (Ax^IO), all inputs and outputs from 
the memory are performed under control of the CPU, In the 
manual status (lAAlTUAL) , these operations may he performed 
manually through sets of switches located on the front panel. 

In order to prevent any false operation it is necessary to 
isolate the manual entry switches when the memory is in AUTO 
status, This is accomplished hy the circuitry of Eig. 7.1 
Elip flop PPl stores information regarding the mode of operat- 
ion - REiU3/REST0RE or CLEAR/YffilTE. Plip flop EF2 puts the 
memory in AUTO or MUAL Status. The state of EE2 is set hy 
switch SI, The state of EPI is set hy the outputs of the ARE 
gates R^ and or hy the ARE gates R^^ and at the E.C, set 

terminals. 

With sv/itch S1 in the MAMUAL position, output terminal 
M of EE2 is at a potential V, and the output terminal A, is 
virtually at ground potential. Consequently, the AtlE gates 
and Rj^ are disabled and the gates and Rj_^a.re enahlt-d. 
Depressing the push button s^vitches or Pj^ puts EE2 in the 
CLEARA®17E 03 ? REAE/RESTORE mode. Repressing switch Pj^^energi- 
ses the reset line to manually reset the various registers in 
the memory. In addition, the output terminal M of EE2 is fed 
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to cl non inverting "buffer a'oplifier, whose output provides 
the voltage to the nanual entry switches, ^fhen S1 is placed 
in the AUTO position the MU gates and are enabled. The 
circuitry associated with the MMUAL operation will now be 
ineffective since the output terminal M, will be virtually at 
ground potential, PP1 nay now be set in the EEAD/RESTORE or 
CLE.AE/TOITE mode by inputs from the CPU to the AND gates E^^ 
or 

7,2 The Memory Address Begister Logic Circuitry ; 

The logic circuitry associated with the I/LAE is shown 
in Pig. 7.2, The set of OE gates permit an address to be set 
up in the MAE either manually through a set of manual entry 
awitches or automatically under control of the CPU, The mc-nual 
entry switches are a sot of single pble double throw switches. 
One common line from all the switches connects to the supply 
voltage. The other common line is grounded. The outptit ter- 
minal M on the AUTO/PlANUAL flip flop is connected to the 
common input line of the sot of AOT) gates. 

When the memory is in AUTO status, the AMP gates are 
disabled and the contents of the IIIAR can be set by the CPU, In 
the MANUAL status, the AMP gates are enftb led and the CPU loses 
control. The logical M’ position of the manual entry switches 
now permits the appropriate flip flops of the MAR to be set 
manually. All the reset terminals of the flip flops are con- 
nected to a common line to enable the MAR to be reset automa- 
tically by the CPU or manually by depressing the manual reset 


switch. 
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7,? The Me aorj Buffer Register L'^gic Circuitry ; 

The logic circuitry associated with the JIBE is shovm 
in Pig. 7.3. 

As with the MR, facilities have heen provided for 
manual entry of information. In the AUTO mode of operation, 
information to he stored in the memory is contained in the MBR, 
In the MiUTJAL node, however, this information does not go into 
the MBR, hut is set up directly in the manual entry switches, 

A sot of OR gates present the information contained in the MBR 
or ihc manual entry switches to the inputs of a set of AlJD 
gates which pass the inhibit control pulses to the Inhibit 
current drivers. In the AUTO status, both terminals of each 
of the manual entry switches are effectively grounded. This 
is achieved by connecting the logical M' position of switches 
to the output terminal M of the AUTO/MAIUAI flip flop. The 
other terminals are grounded. In the I^AITUAL status, the infor- 
mation contained in both the MBR and the manual entry switches 
is presented to the inhibit drivers. However, before the beg- 
ining of a read cycle, the MSR is reset by command pulse lAj,-. 
This rather complicates the reset circuitry associated with 
the MBR, In the RE/dD/RESTORE mode, command pulse is to 
reset tho MR when the memory is in AUTO or MAKTUAL status. 
However, during the CLEi\R/ WRITE mode, ■ the MBR should be reset 
only in MANUAL status and not in AUTO stuatus, _ These condi- 
tions result in the logic circuitry of Pig. 7*4. 
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7«4 The Parity _Check Logic Circuitry ; 

Fig, 7.5 sho’.^’s the logic circuitry associated with the 
Pt.rity checking circuit. The inputs to the circuit cone direct- 
ly the I/CBR and the output feeds two AUF gates. One of 

these gates is operative during the READ/reSTORE and t he other 
during the CIEAR/Y/RITE node. 

The loss of a single bit during transfer of information 
from the nonory stack to the IffiR, causes a word of odd parity 
to be stored in the IfflR. The parity check circuit produces an 
output which together with the input from the READ/RESTORE line 
causes the command pulse R^ to set the parity check flip flop. 
This flip flop is initially reset by the command pulse M^. For 
no parity error, is blocked at the AND gate. To allow for 
the ignoring of a parity error, the parity check flip flop may 
he reset automatically on command from the CPU or manually by 
depressing the manual reset switch. 

In the CEEilR/Y,RITE mode of operation, the parity check 
circuit checks the parity of a word which nay be stored in the 
l\CBR or in the manual entry switches. If the word does not have 
even parity, the output of the parity check circuit together 
''^itii the input from the CIEAr/wRITE line causes the command 
oulse Pgi to set the appropriate flip flop in the MBR, This 
'lip flop is used only to store information regarding parity 
ind its output is not avaialable. to the CPU, In manual status 
• Ithough the Inhibit drivers are selected by information in the 
lanual entry switches, the Inhibit driver associated with the 
ar ity bit is selected by the appropriate flip flop. 
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7 »5 ThG Sonse Aapllfiers and Associatod Lo^lc Oircuitry ; 

Pig, 7.6 shows the logic circuitry associated with the 
nemory sense ampltaers. The inputs to the amplifiers come 
directly from the sense winding of the memory stack. The 
outputs feed the set terminals of the MBR flip flops. In the 
case of the sense amplifier associated with the parity check 
hit, the output is fed to the MBR through an OR gate. This 
allov/s the command pulse to set this flip flop on the occu- 
rrence of a parity error. The gate inputs of the amplifiers 
are connected to a common line which is fed from a two input 
MP gate. In the READ/RESTORE mode, this gate routes the 
command pulse J,.- to the gate inputs of the amplifiers. In 
the CIEAR/7/RITE mode, is blocked since this gate is inopera- 
tive, This action is necessary to prevent the information con- 
taina# in the selected location from contaminating the contents 
of the MBR during the CLEIH operation, prior to the writing of 
this information into the memory. In addition, is timed to 
occur at the instant of maximum sfgsal to noise ratio thus 
ensuring reliable operation of the sense amplifiers during the 


RE/D/RESTORE mode. 

7,6 The Inhibit Privers and Associated Logic C ircuitry 

The logic circuitry associated with the inhibit drivers 
is shown in Pig. 7.7. During the RESTORE and MITE operations 
t}>e appropriate inhibit drivers are activated when a logic ’O' 
is to be stored in a particular bit location. Each inhibit 
driver is fed from a two input ANP gate. When a logic '0 is ^ 


to be written into a specific bit 


location of a word, the 
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associated flip flop of the MBR is in the reset state and 

« 

consequently its logic 'O’ output is at a potential V. The 
AND gates corresponding to these flip flops are thus selected 
and pass the conaand pulse to the inhibit drivers. In the 
locations where a logic '1' is to be written, the command 
pulse is blocked at the MID gates. 

7«7 Summary of Overall Memory Operation ; 

The various logic circuit blocks may be now organised 
as shown in Pig. 7.S "fco constitute the complete COM memory 
system. It can store 256 words each of length 13 bits, The 
aceess time is 3 microseconds and the overall cycle time is 
10 microseconds. 

The input lines to the memory from the CPU are : 

(i) 8 address lines to the MA.R, 

(ii) 2 lines to the READ/v/RITE circuitry. 

(iii) 1 initiate line to the Timing Generator. 

The output lines from the memory to the CPU are : 

(i) 13 word bit lines from the MBR. 

(ii) 1 parity check line from the parity check flip flop, 

(iii) 1 lino for the op complete signal from the 
Timing Generator, 

In addition, reset lines from the CPU are fed to the 
MAR, the MBR, and the Parity check flip flop, 

RB/ID/RESTORE Operation ; 

At the beginning of the RE /iD /RESTORE cycle, the CPU 
resets the MAR and parity check flip flop. The address of the 
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\7ori3 to "be read is stored in the M/iP. and the RJ'-D /RESTORE 
line to the REAE/TOITE flip flop EE1 is energised, A. 1 
microsecond wide initiate pulse is sent to the Timing Generator. 
Command pulse Mg, resets the MBR and prepares it to receive 
information from the sense amplifiers. This is followed hy 
command ipulse Rg, which triggers the EEAD/\TRITE current drivers. 
The half amplitude current pulses arc- routed into the selected 
X and Y lines hy the selected line selection drivers. The 
cores of the selected word-, storing a logical ’1 'switch to the 
logical 'O' state and induce a voltage on the associated sense 
lines. This signal is amplified hy the sense amplifiers.. The 
occurence of command pulse Sg, on the gate input of the ampli- 
fiers causes the amplified signals to set the appropriate fiio 
flftps of the MBR, The parity check circuit checks the parity 
of the word in the MBR. If the word has odd p-arity, the circuit 
'^reduces an output, which together ?;ith the command pulse Rp 
sets the parity check flip flop. If no parity error occurs 
the command pulse Pg, is hLock'ed at the AKD gate on the input 
line to the parity check flip flop. The flip flops of the IKER 
storing a logical 'O' enoEle the corresponding AlTD gates on tie 
input lines to the Inhibit drivers. The command pulses E^and 
V/g, nov? occur simultaneously, If/gi triggers the RE■AD/''^JRITE c\ocri nt 
drivers. The half amplitude pulses tend to write a logical '1’ 
in all bit positions of the selected word. However, the simul- 
taneous occurence of I^p triggers the Inhibit drivers which gone- 

a. 

rate half amplitude current pulses to counteract the effect of ■ 
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the full write current in those hit locations where a l-^gical 
'O' is to he written. At the teroination of the command pulse 
the command pulse 0,^ is generated to signify the c-mapletion 
of, the REID/RESTORE cycle. This pulse is routed directly to 
the CPU. 

CLEARA/RITE Operation ; 

Before the initiation of the CLEilR/lTRITE cycle the word 
to he written into the memory is stored in the IfflR, The address 
into which this word is to he stored is loaded into the MAR, and 
the CEEArA/?RITE line to the READ/ffilTE flip flop EE1 is ener- 
gised, The 1 microsecond initiate pulse is now’ sent to the 
Timing Generator to start the CIEAr/toitE cycle. If the memory 
is in MAMUAIi status, the command pulse clears the MBR, In 
this case the w’ord to he stored is set up in the manual entry 
switches. In the AUTO status, M^, is hlocked to prevent it from 
clearing the MBR, Command pulse R^p triggers the REjADA/RITE 
current drivers. The half amplitude read pulses are routed 
into the selected X and Y lines through the Line selection 
drivers. This causes all the cores of the selected location 
to switch to the logical 'O’ state. Since the command pulse 
is hlocked at the ARE gate on the aate input line to the sense 
amplifiers, the contents of the MBR are not conts-mina-ted , Tiie 
parity of the word in the MBR is checked hy the parity check 
circuit, If^W'ord has even parity, no action is taken. On the 
other hand, if it has odd parity, the command pulse in c-^n- 
iunction with the output of the parity check circuit sets the- 
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clppropriate flip flap in the IvIBR, Hereafter, the action cf 
the coniraand pulses and is exactly the saue as in the 
read/restore cycle and consequently the desired wnrd is 
written into tRo specified location, Einall^'- the- coano-nd 
pulse 0^ signals the completion of the C REAR/ 'iSR ITS cycle. 
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CHAPTER YIII 
DETAILS OF CONSTRUCT lOH 

Considering the comnlexity of the complete system, 
considerable thought must be given to the constructional details 
for ease of fabrication and maintenance. All circuits are made 
on printed circuit cards. External connections to the cards 
are made through 22~pin circuit connectors. The cards are 
mounted in bins to fit into standard 19 inch racks. 

Since only NOR gates v/ere constructed it is necessary 
to realise the AlTD and OR functions using only these circuits. 
Pig. 811 shows how this can be done. However, since most 
outputs are obtained from flip flops, complementary outputs may- 
be used without the need for additional inverters. Fig. 8.2^ 
shows the realisation of the Memory Control circuitry. The 
wiring details are given in Fig. 8.3. The numbers associated 
with each block refer to the bin number, card number and pin 
number respectively to which a connection is made. 
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APPMDIX I 

DESIGN OP :3-.:OPT SaiSE AJgLIFIER 
Specifications ; 

i) Input t Bipolar pulses of minimum amplitude 50 milli- 
volts from a transmission line of claaracteris- 
tic impedance 150 ohm-S, Risetime of the pulse 
is approximately 0,8 microseconds and duration 
2 microseconds. 

li) Output ; Unipolar pulses of minimum amplitude 6 volts 
and having a risetime better than 1 micro- 
second , 

iii) Common Mode Rejection Ratio = 250. 

The amplifier should have provision for 
strobing the output. 

The complete circuit diagram is given in 
Rig. 5.2 

Design ; 

The first stage of the amplifier is a difference 
stage . 

Quiescent operating point is chosen as ; 

I =1.5 mA per transistor 
e 

Y = -3 volts . 

CD 

The bases of Q-j and Qg are fed from a transmission line having 
a chara^cteristic impedance of 150 ohms. Thus R-j^ = 150 ohms. 

Allowing for a drop of 5,4 volts across R^ or R^ and 
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assuming 5 ^’ comnonent tolerance 

1,05 Rj = 5. 4/1. 5 = 3.4 K ohms 
R 2 = R 3 is chosen as 3,3 K ohms 
Yoltage drop across R^ or R 2 = 3 volts. 

= 3 / 1,5 = 2 K ohms 
R^ “ ^2 chosen as 2,2 IC ohms. 

Capacitor C-| effectively looks into a grounded 
"base stage v/ith h^-j^ = 20 ohms. For effective "bypassing at 
Imc/s. 

l/v/G^ s= 2 ohms, 

C = 1/(2 X 1 X 10^ X 2 ) 

= 0,6 mfd. 
is chosen as 1 mfd. 

Circuit Analysis ; 

For DC conditions the circuit ma^' be reduced to that 
shown in Pig. 1.1. The impedance Z seen at the first emitter 
is 

Z = + ■' > 

= hb + 

= 20 + 150/151 

=21 ohms , 

Therefore input impedance is h^^g = (^ + 1 ) 

= 21 X 151 

= 3.17 K ohms 

Tho input circuit of the amplifisr is shov/n in Fig. 1.2 
For a 50 mv signal from a 15 O ohm source, the voltage at the 
input terminals = 25 mv. Therefore 

.025 _ I 
~ .150 " 6 


I 


mA 



101 




11)2 


Assuming a 6 of 150, the collector current = 

Collector voltage swing = g - 1 1 . 9 .. ^^^^ . ^ . ? , = 1.3 volts 

Therefore, voltage gain = 1 . 3/. 05 = 26 

Since is small as compared to and S^, the stability of 
the stage is approximately unity. 

The second stage of the amplifier takes the bipolar 
signals from the first stage and produces an amplified uni- 
polar pulse. 

In the quiescent condition, RV^ is adjusted so that 
the transistors and are cutoff. Hence only the tran- 
sistor receiving a negative signal will conduct. 

The load resistance Ry may be chosen on the basis of 
required rise time. 

for a step input to the base, the time constant for 
the collector current rise is given by : 

^r ~ '^PE ^^/^t *^c^7^ *** 

where 

w^ = radian frequency at which current gain is unity 
= collector transition capacitance 

^PE" ^ . 

Por heavy overdrive, the rise time is given by 


Vdiere 





overdrive factor 
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Prom Eq, 1 , 

= ( Vwt + ) 

Por the 2H995, 

^PE ~ 

Cq. = 10 pf 

=100 mc/s 

Therefore 

T 

-rp — = ( 1/(2 x7^ X 100 X 10^) + 10 x 10“"'^x R^) 

PE . . - ' 

= (.16 X 10~® + 10"’’^ X Rr^) 

Substitute in Eq,2 and find R^ for the required rise time. 

Por a rise time of 0.3 microseconds, and base overdrive of 
10 times, 0.3 x 10“^ = 0.8 x 10 x (.16 x 10”® + 10 x Rj) 

Ry = 3 . 5 9 K ohms 


Ry is chosen as 3.3 K ohms. 

Por saturation, voltage drop across Ry = 3 volts 

Therefore collector current = 3/3.3 = 0,91 ma 

Base current V'ith 10 times overdrive = 10 x .91/150 = 0.0606 ma 

With the threshold level adjusted so that and are just 

cutoff, voltage drop across R^ or Rg = 1 .3 volts 

Therefore R^ = 1,3/. 06 = 21 .6 K ohms. 

Choose R^ = ^6 22 K ohms. 

Capacitor may be chosen for a 10^ tilt on the output 


K- e 

5 


+ 1 ) 


RC 


X 100^ 



\\'here ; 
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R = E3 + 


= Source resistance 

o 

h^g= 3 K ohms for 2N995 
t = pulse width 

Therefore for a pulse width of 2 microseconds and = 22 K, 

0 

^ _ 151 X 2 X 10"^ X 100 ,0. 

0 ^ X 1000 “ 

Choose as 0,1 mf 

The speed up capacitors Cp and C-:^ are chosen experimentally 
for hest rise and fall time. 

The output circuit of the amplifier is required to 
have provisions for strobing. On cons idera^t ions of rise 
time, Rg is selected as 3.3 K ohms, V/ith no pulse input att 
either terminal, the emitter is at -6 volts and the base is 
required to be at -2 volts. Collector current required to 
saturate Qg v/hen the input rises to - 3 volts and is cut- 
off = 6 / 3 . 3 . = 1,8 ma 

Therefore base current with 10 times overdrive 


1 .8 X 10 
150 


= 0.12 ms 


Voltage drop across Rg = 6-3.6 = 2.4- volts 

Therefore Rq = 2.4/0,12 = 20 K ohms 

\?hen Di is conducting, the base must be at -2 volts. 

The circuit condition is given in Pig. 1.3 

I = 4/20 = 0.2 ma 

2 -' 0.6 


Therefore R^q 




7 K ohms 
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Choose R^q as 6,8 K ohms. is chosen for best rise time 

Capacitor Cg v/ith R^q should have a time constsnt preater 
than 1 microsecond, 


Ror a time constant of 50 microseconds, 

.-6 


-C^ Rg = 50 X 10 

„ 50 X 10"^ 

^1 =“T78“TT0'“ 


= 0,00735 


C-^ is chosen as 0.01 mfcl 

The complete circuit diagram of the amplifier is given in 
Rig. 5.2 
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APPMDIX II 

DES IGSI 0? CimMT DRIVER AMPLIFIERS ' . 

f 

Specif i cat 16 ns ; 

% 

v:i;i amplifiers are rcauirei to supply;’ 

,cpjpr6nt pu;|jS:es.^ .,<>f-^,r-400 -milliam and +400 Milliamps into a 10 ■ 

ohinfe r6l3..d 'iTbe pulse rise time is required to be less than 
0 j^iffl'icr'oseqepd's- w a duration of 3 microsecohcls> The ampli- 

fierb^ by +6 and -6 volt pulses of 3"'mi6ro seconds 

duration and. having a naximurn drive capability of 5. milli^nips. 
pesign ; 

- ■ The complete circuit diagram is given in’Eig,. 5.4 
The Posr'ttive Current Driver 
llhen is conducting 400 railliamps, 

.4 X Rg + .4 X 12 + sat. = 12 
V sat = 1 volt 

C 1. . . 

Therefore Rg = 6, 2/, 4 = 15,5 

Rg is chosen as 15 ohms 

iVsT£?u‘ming a ^ of 20 for Q^, base current = 400/20 = 20 mO'. 

The circuit condition vhen Q2 is conducting is shown in 
Rig+; ir*'1: O' P- ■ 

Vol-tage drop' across ' R^j = 5.4 - 3,5 = 1.9 volts 

Therefore 'l ,97»Q2o b:'-03 ohms. 

R r- IS:; ' G'fi'oP e ho a's ' 4 00 ohms ^ 

V.'hen Qp switphea enj; , its 6biHec,tor current rises \71tn a time 
consto’nt given by. s 

b = *¥e O/w.j + 0^ E^) 
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%ere 

~ • C . ^ 

= radian frequency at v/hich current gain is unity 
= Collector transition capacitance 
For the GIL 511, 

^FE ~ 50, = 100 Qc/s, .= 25 pf 

T^/hj,j, = l/(27^x 100 X 10^) + 25 X 10“^^ x 

= ,16 X 10“® + 25 X 10"^^ X R^ 

V-/ ith "bcise overdrive of 10 titles, the rise time is given hy * 

T I 

^ -- A o .. T _ CS 

t — 0*8 X T— — X "-y ~ ' 

^FE 

Where is the base overdrive factor = 10 

For a rise time of 0,5 microseconds, therefore, 

0,5 X 10"^ = 0,8 X 10 X (0.16 x 10"® + 25 x 10"^® x R^) 

R^ =2.44 

R^ is chosen as 2,2 K ohms 

Total emitter current of Q 2 = + 20 = 25.2 aa, 

Assuming a ^ of 50, the base current of *02 = 25.2/50 

= 0.5 ma 

With base overdrive of 10 times, the base current = 5 aa 
When Q-| is cutoff, the voltage drop across R 2 ^ -■ 

and R^ = 12 - 3 - 0.6 = 8,4 volts 

Therefore R 2 + R^ = 8.4/5 = 1 .68 K ohms. 

Choosing R 2 = R^ = 820 ohms 
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\.Tien Q-| is conduct ing^ the collector current required to 
saturate it = 12 - V^^sat/ .82 = 11. 5/. 82 = 14 ma 

Therefore base current = H/50 = 0.28 ma 


u - 12 - 0.6 
^1 “ 0.28 


40.6 


is chosen as 39 K ohms. 

with R^ should have a time constant greater than 3 micro- 
seconds. for a time constant '02 50 mic ''oseconds , 

= 50 X 10“^ 

50 X 10~^ 

3? X 10^^ 


R, 


= 1.28 X 10"^ 


Choose as .OOlmfd 

The negative Current Driver 


As Vi/ith the positive current driver, R-^ 2 = 15 ohms 
Assuming a ^ of 20 far Qg, base current = 4OO/2O = 20 ma 
Circuit condition when Qg is conducting, Voltage drop 
across R^^ = 5,4 - 3.2 = 2.2 volts 

Therefore R^^ = 2, 2/, 32 = 110 ohms. 

R^1 is chosen as 100 ohms. 

When Qg switches on the time constant of the collector 
current rise is , 

Tr = lipE + Cc E10 ) 

For the 2H995 : 

= 90, = 100 mc/s, = 10 pf . 

T^/hj,g = 1/(27^X 100 X 10®) + 10 X 10'^^ x R^q 
= .16 X 10"® + 10 X 10"^^ 
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¥ith base overdrive of 10 times, the rise time is given 
' • T I 

- 1 - nor cs 

t = 0.8 X r — X — 

For a rise time of 0.5 microseconds, therefore, 

0,5 X 10“^ = 0.8 X 10 X (0.16 x 10"® + 10 x lO'-^x S-jq) 
R^q = 6.09 

R^q is chosen as 5.6 K ohms. . . - 

Total emitter current of 2iL-. + 20 = 22,1 ma 

Assuming a ^ of 90, the base current of = 22.1/90 = 0.25 
YJith base overdrive of 10 times, base current = 2,5 ma 
iRien is cutoff, voltage drop across Rg and Rg = 12-3-0,6 
Therefore Rg + Rg = 8. 4-/2. 5 = 3.36 

Choosing Rg = Rg = 1 ,5 K ohms. 

When Q/ is conducting, the collector current required to 

saturate it = "~T75 ma 

Therefore base current = 7.86/90 = .088 ma 
R^ = 12 - 0.6 /0.088 = 130 
Rrj is chosen as 120 K ohms. 

with R^ should have , a time constant greater than 3 mi- 
croseconds, Eor a time constant of 50 microseconds, 

,-6 ^ _ 50 X 10~ ® 


R^ C, = 50 X 10 = 


•7 ^4 


5 


= .416 X 10’ 


'■ X 10 

C. = 470 pf. 


The 


Offliert is also 


used to perform the luMOit 


ftanction^ 
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APPMDIX III 

DESIGN OP LPTS SELECTIOH PRIVEPS 
Specifications ; 

'The line selection drivers are required to pass 
current pulses of - 400 ma and + 400 ms. p’hen selected ty a 
level of -6 volts. When not selected, they are required to 
block both polarities of current. 

The complete circuit diagram is given in Pig. 5.6 

Design ; 

‘’■'hen is turned on, the circuit condition is, 
shown in Pig. III,1, 

Assuming a ^ of 20, the base current of ,Q^ = 20 ma 
Voltage drop across R-j = 10,9 - 5.2 =5.7 volts 

R^ = 5.7/0.02 = 285 

Choose R^ as 250 ohms 

When Q 2 switches on, the collector current rise time is 
determined by Rg. Erom Appendix II, R 2 is chosen as 2.2 K 
ohms. Total emitter current of Q 2 = '^ 2 ''"^ ''’^ 

= 30,7 ma 

Therefore, base current = 30,7/50 = 0.615 

The circuit condition when Qg and conduct is shown in 

Pig. III..2. 

Voltage drop across R^ = II .4 - 0.2 

Base current of ■' Q 2 with 10 times- overdrive = 6,15 ma. 
Therefore R^ = 11 i2/6.l5 = 1.82 

R^ is chosen as 1 ,8 K oh'as. 




1 1 ■- 


is chosen on the basis of required rise tide as b.6 

K ohms. Collector current required to saturate 

15 - 0.2 Log. 

^3 " 57 ^-^ " 

Total emitter current of 


= 2,64 + 6.1 


8.79 ma 


Therefore base current 


= 8 . 79/90 = 0.0976 


¥ith overdrive, base current 

. = 1.0 ncO 

Therefore ~ 

Re; is chosen as 5.6 K ohms 

The speed up capocitors are chosen experimentally. 
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appendix IV 

DESIGN OF mi) GATE 
Specifications s 

(i) Number of inputs is 4 

(ii) Ptise time should be 0.5 micro sec ends or better 
(lii) Yoltage corresponding to the Boolean A?T_riables are ; 

' 1 ’ -6 Y 

'O’ 0 Y 

(iv) Maximum drive capability 5 ma 

The circuit diagram is given in Pig. 5.lc> 

Design ; 

The design consists of choosing a value for the supply 
voltage Y, and the resistance for the required rise time 
and allowable dissipation in R^. 

A compromise betv^een rise time and the ratio /P^> 
vjhere P-| = maximum pov/er that can be delivered to the load. 

p^ = power diSssipated in R-| 
leads to the following relations, 

Y = 4E 

R^ = 3t/C 

Where i 

E = voltage corresponding to the Boolean ’1' 
t = required rise time 

C = diode ca.pacita.nce + stray capacitance 
Assuming component tolerance and lOf- supply voltage 



variation 


V min 



‘rJi max 


Rl max = 3 t / 


C max 


■i"* S 


suming c max = 100 


pf 


Tharofors the 


V min = 4 X - 6.6 

=-26,4 

nomincil vsl'ue of 

V =-(26.4 + 2.64I 
= -29.4 

V is Selected as 30 volts. 

I'd!’ a rise time of n 1 

ime 0.1 microseconds, 

H max = 3 X 0.1 x-in~^ , 

100 X 10“”^^ 

= 3 K ohms, 

Iherefore the „ooi„ai 

= 3 ,- 0.3 
= 2.7 K 

Maximum load current +ino 

ouxrenm tnc.t the gate can su.pnly 

_ 30 - 6 
~~ 2.1 


= 9 ma 
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APPETJLIX y 

I CIRCniT 

''Che lj<?.sic circuit uecc in the Purity checker ie 
shov/n in Pig. '?.i2 This circuit me.-- be cmTenientl^" 
constructed by raou ifying the two input PPL "OR circuit. 
This modification is shown in Fig. 7 . 1 . 





